Abstract: Different abandoned industrial areas contaminated by polycyclic aromatic hydrocarbons (PAHs) are present in Slovakia. These environmental burdens are very dangerous to the health of human and environment. The bioremediation, based on the use of hydrocarbons degrading microorganisms, is a promising strategy to sanitize these polluted sites. The aim of this investigation was to assess the bacterial diversity of a PAHs-contaminated soil and to select the potential hydrocarbonoclastic bacteria which can be used for different bioremediation approaches. The bacterial strains were isolated on minimal medium agar supplemented with a mixture of PAHs. Seventy-three isolated strains were grouped by ribosomal interspacer analysis in 15 different clusters and representatives of each cluster were identified by 16S rRNA sequencing. The PAHs degradation abilities of all bacterial isolates were estimated by the 2,6-dichlorophenol indophenol assay and by their growth on minimal broth amended with a mixture of PAHs. Different kinds of strains, members of the genus Pseudomonas, Enterobacter, Bacillus, Arthrobacter, Acinetobacter and Sphingomonas, were isolated from the contaminated soil. Four isolates (Pseudomonas putida, Arthrobacter oxydans, Sphingomonas sp. and S. paucimobilis) showed promising PAHs-degrading abilities and therefore their possible employing in bioremediation strategies.
Introduction
The report "Systematic identification of environmental burden in Slovakia 2006 Slovakia -2008 presented by the Slovak Environmental Agency recognized 1819 different localities; from these 1200 have been considered dangerous for human health and environment, and about 100 of them have been indicated as very dangerous. Usually, these environmental burdens comprised contaminated soil from former chemical or other kinds of industrial factories. These abandoned industrial areas could be contaminated by various heavy metals, inorganic and organic compounds including polycyclic aromatic hydrocarbons (PAHs). Unfortunately few scientific works are available and therefore few sites were investigated in order to obtain a better view of this problematic issue in Slovakia (Wilcke et al. 1996; Bandowe et al. 2011) . It is, however, very important to find rapid and effective solutions able to sanitize the interested areas from PAH pollutants in order to reduce the potential health risks (Krajčovičová & Eschenroeder 2007; Jennings 2012) . Different kinds of chemical strategies are currently applied to clean the soil from PAH contaminations, of which the chemical oxidation using oxidants such as ozone, hydrogen peroxide, permanganate, and persulphate seems to be a promising technique (Bissey et al. 2006; Rivas 2006; Ferrarese et al. 2008) .
Another interesting approach is the bioremediation through the use of a consortium of microorganisms (Samanta et al. 2002; Hallett et al. 2006; Gonzalez et al. 2011) . Some authors have also demonstrated that a useful remediation strategy is to combine some chemical method with a bacterial consortium in order to exploit the complementarities of the two approaches; in fact environment-friendly solvents are used to solubilise PAHs and to enhance their contact with degrading bacteria (Taylor & Jones 2001; Gong et al. 2005 Gong et al. , 2006 . It was also demonstrated by recent studies that the use of an autochthon bacterial consortium, directly isolated from the polluted soil which is necessary to decontaminate, increased the remediation effectiveness (Gan et al. 2009 ). These findings thus encourage the isolation of 588 A. Puškárová et al.
bacterial strains from contaminated soil in order to select the most promising PAH degrading bacteria which will be applied for the decontamination of the soil of origin.
The aim of this investigation was to identify the bacterial cultivable portion of a PAHs-contaminated soil of a former chemical park in Slovakia. The bacterial isolates were also selected for their PAHs degradation abilities through the 2,6-dichlorophenol indophenol (2,6-DCPIP) assay and the growth in minimal broth supplemented with a mixture of PAHs.
Material and methods

Soil samples and bacterial isolation
The bacteria were isolated from soil sample contaminated with PAH (2821 mg/kg) waste from an abandoned chemical park in Bratislava, Slovakia. A portion of 10 g (wet weight) of the soils was mixed in a sterile 250 mL Erlenmeyer flask with 90 mL of a 0.9% (w/v) NaCl solution and incubated at 28
• C in a shaker incubator at 90 rpm for 2 h. The suspensions was filtered through Whatman 1 filter paper (Merck, Darmstadt, Germany), and this filtered soil suspension was inoculated directly on minimal medium (MM) supplemented with a mixture of PAHs.
One litre of MM agar was prepared with 100 mL of 10× phosphate solution (Na2HPO4, 60 g/L; KH2PO4, 60 g/L; NaCl, 5 g/L; NH4Cl, 10 g/L), 1 mL CaCl2 (0.1 M), 1 mL MgSO4.7H2O (1 M), 0.5 mL of thiamin (0.169 g/25 mL) and agar (20 g/L) (Fluka Sigma-Aldrich, St. Louise, USA). The pH value was adjusted to 7.4. All solutions were sterilised separately and mixed together just before pouring into the plates. MM agar plates were covering with a mix of PAHs: naphthalene, phenanthrene, anthracene, pyrene and fluoranthene. The PAHs were dissolved in ethyl ether at an optimal concentration of 4 mg/mL (anthracene, 2 mg/mL). Then, 1 mL of these solutions was added to the centre of the Petri dish and was gently, rapidly and evenly spread with a glass spreader on the surface of agar plates. The MM plates were incubated at 28
• C for 4 weeks.
Bacterial DNA extraction, RISA and 16S rRNA identification The bacterial chromosomal DNA was isolated by the InstaGene Matrix (Biorad, Hercules, CA, USA) following the instructions of the manufacturer.
The isolated strains were clustered by ribosomal interspacer analysis (RISA). The internal transcribed spacer between 16S and 23S rRNA gene was amplified followed by separation on a 2% agarose gel at 70 V for 2 h and 30 min. The PCR mixture contained 50 pmol of L1 (caaggcatccaccgt) and G17 primers (gtgaagtcgtaacaagg) (Jensen et al. 1993) , 200 µM dNTP, 1.5 U BioTherm Taq DNA polymerase (Genecraft, Cologne, Germany), 1× PCR buffer, and 6 µL of template DNA in the total reaction volume of 25 µL. The temperature program consisted of the initial denaturation at 95 • C for 8 min. RISA profiles were examined using BioDocAnalyze digital software version 2.0 (Biometra, Gottingen, Germany) and the analysis was carried out on the basis of the number and size of bands as compared to a 100 bp DNA ladder marker (Fermentas, Vilnius, Lithuania) .
Bacterial representatives of each RISA cluster were identified through the sequencing of the 16S rRNA gene using the primers 27F and 685R (Lane 1991) . The final PCR mixture (25 µL) consisted 50 pmol of each primer, 200 µM of each dNTP, 1,5 U BioTherm Taq DNA polymerase (Genecraft), 1× PCR buffer, and 6 µL of template. The PCR program was the same as that used for RISA. The PCR product, prior sequencing, was purified using ExoSAP-IT (Affymetrix, Cleveland, USA). The sequencing was performed by a commercial facility (Macrogen, Amsterdam, The Netherlands). The obtained sequences were compared with those present in the GenBank database by BLAST search (http: //blast.ncbi.nlm.nih.gov/Blast.cgi; Altschul et al. 1990 ).
PAH-degrading properties through 2,6-DCPIP assay and growth in PAH broth The 2,6-DCPIP assay (Hanson et al. 1993 ) was modified as follows. Isolated strains cultured overnight in 20 mL of LB broth at 30
• C and 160 rpm. After centrifugation overnight culture (4.5 mL) at 5.000×g for 10 min and washing with 0.9% of saline solution, the cell density was adjusted to 1.0 according to the optical density at 660 nm. After sterilization, 750 µL of W medium (Fe-free) (per litre: 2 g (NH4)2SO4, 14.3204 g Na2HPO4, 5.4436 g KH2PO4, 0.5 g NaCl, 0.2465 g MgSO4, 14.7 mg CaCl2 · 2H2O, 2.01 mg ZnSO4 · 7H2O, 0.15 mg (NH4)6Mo7O24 · 4H2O, 0.2 mg CuSO4 5H2O, 0.4 mg CoCl2 · 6H2O and 1.49 mg MnSO4 · 5H2O) (Koma et al. 2003) , 50 µL of FeCl3 · 6H2O solution (150 µg/mL) and 50 µL of 2,6-DCPIP solution (37.5 µg/mL) were added to a 1.5-mL microtube. Subsequently, 80 µL of cell suspension and 5 µL of sterilized substrate (hexadecane C16 ) or car engine base oil substrate (CASTROL SAE 5W-30), or 25 µL of various PAH substrates: phenanthrene, antracene, pyrene, naphthalene and fluoranthene (0.8 mg/mL) were added to the medium, and the cells were cultivated at 30
• C and 100 rpm for 48 h. Subsequently, the colour of the medium was observed, and evaluated as positive for microbial hydrocarbon-degrading ability if colourless (degraded) and negative for microbial hydrocarbon-degrading ability if blue (not degraded). The test was performed for each strain in duplicate.
Bacterial isolates were tested for their ability to grow in MM broth supplemented with a mixture of PAHs (naphthalene, phenanthrene, pyrene and fluoranthene each at a concentration of 4 mg/mL; anthracene 2 mg/mL) as the unique source of carbon. The PAHs were dissolved in ethyl ether; then, 1 mL of this PHAs mixture was added to 20 mL of MM broth. Bacterial growth in PAH broth was measured at 660 nm wavelength during 2 months of incubation. The screening was performed for each strain in duplicate.
Results and discussion
Seventy-three potential PAH degrading bacteria were isolated from the contaminated soil using the MM plate amended with a PAH mixture. In many cases it was not possible to distinguish the isolates from each other based on their morphology exhibited on MM plate; the bacterial strains were therefore randomly picked up from the plates and then clustered through the RISA DNA fingerprint.
The seventy-three isolates were clustered in 15 different RISA profiles (A-O; Table 1 ); some of them are shown in Fig. 1 . The size range of the produced bands was from 230 bp to 820 bp. The profiles included from 1 to 3 bands of different sizes, for example strains such as Pseudomonas fluorescence or Flavobacterium sp. produced one band profile of 600 and 550 bp, respectively. Other strains as for example Enterobacter hormaechei or Bacillus cereus displayed RISA profiles formed by three bands of different size. The RISA method was applied by previous authors for clustering the bacterial strains isolated from different environments (Pangallo et al. 2004; Belgacem et al. 2009; Urzi et al. 2010) , other kinds of DNA fingerprints methods were used in clustering the PAH degrading bacteria (La Rosa et al. 2006; Abd-Elsalam et al. 2009; Ruggeri et al. 2009 ).
To our knowledge the RISA approach was never used in order to group the bacterial strains isolated from a hydrocarbon contaminated environment. In this study we showed the usefulness of this approach in order to differentiate the various isolates. The method is simple, it does not require any special equipment and can be performed by many laboratories which possess a normal PCR cycler and an agarose electrophoresis system. The bacterial clustering obtained by RISA fingerprint allowed the reduction of the strains, which were consequently identified through the sequencing of the 16S rRNA gene. If a cluster was formed by many members, more representative strains of this cluster were sequenced (Table 1) ; in this way we were sure that all the members of a cluster belonged to that specific bacterial species. Using the RISA clustering -16S rRNA sequencing approach only one incongruence was recorded that regarded the Sphingomonas group (Table 1 and Fig. 1 ).
The plate of MM supplemented with the mixture of PAHs permitted the isolation of potential PAHs degrading bacteria, but not all bacterial strains which grew on this medium were positive to the 2,6-DCPIP assay and able to grow in PAHs broth. This aspect is in concordance with previous studies which evidenced a cer- tain discrepancy between the total number of isolated strains and the number of the most promising hydrocarbons degrading isolates (Ortega-Calvo et al. 2003; Ben Said et al. 2008) . Only 13% (10 strains) of bacterial isolates exhibited positive results through at least one of these two screening methods. Five members (Pseudomonas sp. S-47 and S-20, P. putida S-66, Enterobacter sp. S-13 and Bacillus thuringiensis S-33) of these 10 isolates were able to grow on PAHs broth, but an increase in absorbance was registered after 29-36 days; moreover, they produced negative results with all PAH degrading tests performed by the 2,6-DCPIP assay (Table 2). The bacterial strains Pseudomonas putida S-24, Arthrobacter oxydans S-15, Sphingomonas sp. S-51 and S. paucimobilis S-38, which displayed interesting PAHs degradation activity through the 2,6-DCPIP assay, have an increase in absorbance only after 8-10 days of cultivation in PAH broth. It means that the 2,6-DCPIP assay produced in a rapid way reliable results for the detection of bacterial isolates able to degrade PAHs (Table 2) . Based on this PAHs degradation screening it is evident that 4 potential isolates possess interesting properties which consent their use in bioremediation strategies for cleaning the environment of origin, as it was demonstrated by other authors which exploited the autochthon bacterial isolates (Augustynowicz et al. 2008; González et al. 2011; Silva-Castro et al. 2011) . In fact, the consortium composed by indigenous bacteria of a specific environment is already adapted to the conditions of that environment, therefore if the best representative bacteria are selected and then reused for remediation proposes they can act quickly and more effective in comparison to some commercial bacterial consortium (Grosser et al. 1991; Gallego et al. 2007) .
The PAHs degrading properties of our bacterial isolates are confirmed also by previous works; in fact the Pseudomonas strains are notoriously considered as PAHs degrading bacteria (Doong & Lei 2003; Arun et al. 2008 ). The same it is possible to say for the strains belonging to the genus Sphingomonas (Shi et al. 2001; Kobayashi et al. 2009 ). Recently, also an Arthrobacter oxydans isolate displayed satisfactory PAH biotransformation and sorption properties (Thion et al. 2012) . Our results thus confirmed the previous findings and exhibited a new microbial investigation strategy for PAHs contaminated soil.
The use of the MM amended with a mixture of PAHs permitted the isolation of degrading bacteria which were selected through the 2,6-DCPIP assay in order to obtain the best isolates suitable for bioremediation procedures. This selection strategy is very simple and permits the screening also of a larger panel of isolates. In addition, this study showed another useful and simple approach, i.e. a combination of RISA fingerprint with 16S rRNA sequencing, which permitted the identification and the consequent diversity pattern of the isolated bacterial strains.
To our knowledge, this is one of the few reports which investigate the diversity and the PAHdegradation abilities of the bacterial community isolated from a contaminated soil in Slovakia. This simple approach can be applied to other kinds of environments in order to developed specific bioremediation strategy using indigenous bacterial strains of the environment of origin.
